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Claims : 

]\ A strain applicator for applying longitudinal strain of 
ad^yustable magnitude to a length of optical fibre, the 
straSin applicator being adapted for mechanical coupling to 
the rtength of fibre and comprising first and second 
actuators coupled such that the magnitude of the 
longitudinal strain applied to the length of fibre when 
mechanically coupled to the strain applicator is dependent 
on their cotnbined effects, the first and second actuators 
being independently controllable by respective control 
signals to adj\ist the magnitude of said applied strain and 
being selected tso provide different actuation 
characteristics fbr adjusting said magnitude. 

2. A strain applicVtor in accordance with claim 1, wherein 
the different actuatiOTH characteristics complement each 
other. I \\ ] 

3- A strain applicator iia accordance with claim 1, wherein 
the actuation characteristics of the first and second 
actuators differ in at least Vne of the following respects: 

the first and second actuators have first and second 
response times respectively to S6u.d control signals, the 
second response time being faster \han the first; 

the first and second actuators provide coarse and fine, 
or fine and coarse adjustment, respectively, of said 
magnitude; \ 

the first and second actuators provide adjustment of 
said magnitude over different respective ranges; 
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le first and second actuators provide adjustment to 
said m^nitude with different respective accuracies. 



n 10 



EJi 



4. A stbrain applicator in accordance with claim 1 wherein 
the second Nactuator comprises a body of electrostrictive 
material andVat least two spaced electrodes coupled to the 
body to permik application of a control voltage to the body, 
the body having a dimension which is dependent on the 
applied control\voltage, and the second actuator is arranged 
such that the strain applied to the length of fibre is 
dependent on said Viimension. 



5. A strain applicator in accordance with claim 4, wherein 
the body of electrostrictive material comprises a 
15 piezoelectric crystal . 



6. A strain applicator "^pfi accordance with claim 4, 
comprising a rigid frame a^d a fibre retainer for holding an 
end of the length of fibre, \wherein the body of 
20 electrostrictive material isXarranged between the frame and 
retainer such that variations Vn said dimension result in 
corresponding movement of the rq^tainer relative to the 
frame . 

25 7. A strain applicator in accordance with claim 1, wherein 
the first actuator is an electro-mectianical actuator. 



30 



8. A strain applicator in accordance with claim 7, 
comprising a rigid frame, a fibre retainex for holding an 
end of the length of fibre, and at least one leaf spring 
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coupling the retainer to the frame, the first actuator being 
arrangecL to deflect the retainer relative to the frame. 

9- A strain applicator in accordance with claim 1, wherein 
the first actuator comprises: 

a bodyVhaving a dimension which is dependent on the 
temperature of the body; and a heater controllable to adjust 
the temperature of the body to adjust said dimension, the 
first actuatorX being arranged such that the strain applied 
to the length of fibre is dependent on said dimension . 



10. A strain applicator in accordance with claim 9 wherein 

\ 

said body is metal2ric. 



11. A strain applicator in accordance with claim 10, 
wherein said metallic^ body is an aluminium channel having a 
groove for accommodati>ng the length of optical fibre, and 
said second actuator cOTnprises a body of electrostrictive 
material and spaced electrodes coupled to the body to permit 
application of a control wolt age, the strain applicator 
comprising first and second fibre retainers for holding 
first and second ends respectively of the length of fibre, 
the first retainer abutting^^ first end of the aluminium 
channel, and the electrostriVtive body being arranged 
between a second end of the channel and the second retainer 



such that a variation in the control voltage produces a 



corresponding movement of the 
said second end. 



j^e^cond retainer relative to 



12- A strain applicator in accordance with claim 11, 
wherein said heater is a strip heater arranged in thermal 



\ 
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corvfcact with said channel and extending in a direction 
paraM.el to said groove. 

13- A Vtrain applicator in accordance with claim 1, wherein 
5 said first and second actuators each provide respective 

ranges of movement and are arranged in mechanical series 
_ such that iA combination they provide a range of movement 

,n correspondingX to the sum of said respective ranges. 

Ul 10 14. A strain a^licator in accordance with claim 1, wherein 
said first and second actuators individually provide first 
and second ranges o£ movement respectively, said first range 

O being longer than the second. 



15 (^15/ A method of applyiNfirg longitudinal strain of adjustable 
magnitude to a length or\optical fibre, the method 
comprising the steps of ; 

mechanically coupling \he length of fibre to a 
combination of first and sec'^nd actuators, the first and 
20 second actuators being independently controllable by 

respective control signals and being selected to provide 
different actuation characteristic^; 

controlling the first actuatoAwith a first control 
signal to apply a first adjustable component of longitudinal 
25 strain to the length of fibre; and 

controlling the second actuator wi™ a second control 
signal to apply an additional adjustable component of 
longitudinal strain to the length of f ibre 



30 16. A method in accordance with claim 15, whe\ein the 

different actuation characteristics complement each other, 
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17. A method in accordance with claim 15, wherein the first 
and second actuators have first and second response times 
respectively to said control signals, the second response 

5 time being faster than the first- 

18. A method in accordance with claim 15, wherein said 
second actuator comprises a body of electrostrictive 
material and \aid step of controlling the second actuator 

10 comprises applyang a control voltage to the body to control 
a dimension of -Dhe body. 



19- A method in acc:ordance with claim 15, wherein said 
first actuator comprd.ses a body having a dimension which is 
15 dependent on the temperature of the body, and the step of 
controlling the first /^tuator comprises the step of 
controlling the temper^ure of the body. 



20. A method of applying\longitudinal strain of adjustable 
20 magnitude to a length of optical fibre, the method 



comprising the steps of: applying longitudinal strain to 
the length of fibre using a cbmbination of first and second 
actuators selected to provide different actuation 
characteristics; 
25 controlling the first actua6pr with a first control 

signal; and 

controlling the second actuatdr with a second control 
signal , 

\ 

30 21. An adjustable optical filter comprising: a length of 



optical fibre adapted to receive an opt\ical signal, the 

\ 
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leng\h of fibre comprising a Bragg reflection grating 
arranged to provide a reflectance spectriim to said optical 
signal; 

and \ strain applicator in accordance with claim 1 
mechanically coupled to the length of fibre to apply 
adjustable longitudinal strain to the Bragg reflection 
grating to adjsust said reflectance spectrum. 



10 



22. An adjustable optical filter in accordance with claim 
21, wherein said ^ragg reflection grating is chirped. 



23. An adjustable tsrptical filter in accordance with claim 
21, further comprising a controller arranged to provide said 
control signals to the first and second actuators, the 

15 controller being further arranged to control the second 
actuator to dither the strain applied to the Bragg 
reflection grating . 

24. An adjustable optical :fe.^lter in accordance with claim 
20 23, wherein said reflectance ^spectrum comprises a central 

peak. 



25. An adjustable optical f ilteA in accordance with claim 
21, wherein the second actuator coqiprises a body of 

25 electrostrictive material. 

26. A method of adjustably filtering ^tn optical signal, the 
method comprising the steps of: 

introducing the signal to a length optical fibre 
30 comprising a Bragg reflection grating arra^jged to provide a 
reflectance spectrum to the signal; 




20 
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apE&lying longitudinal strain of adjustable magnitude to 
the Bragg reflection grating, using a method in accordance 
with claim 20, to adjust said reflectance spectrum. 



27. A method in accordance with claim 26, comprising the 

step of contr^olling the second actuator to dither the strain 

applied to theXsragg reflection grating so as to dither the 
reflectance spectrum. 



m 10 \2y. A device exhivbiting adjustable optical dispersion, the 
device comprising : \^ 

a length of optical fibre adapted to receive an optical 
signal, the length of N^^ij/re comprising a Bragg reflection 
grating arranged to provide a reflectance spectrum to the 
15 optical signal; and \ 

a strain applicator Vn accordance with claim 1 
mechanically coupled to tlie length of fibre to apply 
adjustable longitudinal strain to the Bragg reflection 
grating to adjust said reflectance spectrum. 



29. A device in accordance with claim 28, wherein said 
Bragg reflection grating is chirp)ed- 



30. A device in accordance with cl^aim 28, further 
25 comprising a controller arranged to provide said control 
signals to the first and second actuators, the controller 
being further arranged to control the second actuator to 
dither the strain applied to the Bragg r^ef lection grating. 



30 31. A device in accordance with claim 28 wherein the second 
actuator comprises a body of electrostrictive material- 
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32. AVdevice in accordance with claim 28 further comprising 
a disper\sion detector arranged to generate a dispersion 
signal irrdicative of the dispersion exhibited by an optical 
5 path alongWhich the received signal has been transmitted 
and a controsLler arranged to receive the dispersion signal 
and to provide^ said control signals to the first and second 
actuators, the controller being arranged to determine said 
control signals according to the dispersion signal such that 
10 the adjustable optsical dispersion provided by the device 

compensates at least partially for said dispersion exhibited 
by the optical path. \ 



.5K 



33- A device exhibiting^ linear dispersion of adjustable 
15 magnitude, the device including first and second lengths of 
optical fibre provided respectively with first and second 
chirped Bragg reflection gratings, and being arranged to 
define an optical transmission path that includes reflection 
in both gratings, wherein each\pf the first and second 
20 lengths of fibre is mechanically^coupled to a respective 
strain applicator in accordance with claim 1, the strain 
applicators being controllable to a^djust the reflectance 
spectra of the gratings. 



25 34. A device in accordance with claim ^33, further 

\ 

comprising a controller arranged to control said strain 
applicators such that said reflectance spectra overlap . 



35. A device in accordance with claim 33, wherein the 

\ 

30 controller is arranged to dither the strains a^pplied to the 



13172 IDUSOlU 



55 



gratiBigs in phase with each other, to dither the position of 
the ove^^rlap. 

36- A deVice in accordance with claim 34 wherein the 
5 controllerXis arranged to dither the strains applied to the 
gratings in\anti-phase to dither the magnitude of the linear 
dispersion exhibited by the device. 

37. A device i\i accordance with claim 35 wherein the 
10 controller is aricanged to dither the strains applied to the 
gratings in anti-p^hase to dither the magnitude of the linear 
dispersion exhibit^ by the device. 

J: 38- A device in accordance with claim 35, wherein each 

15 grating is arranged to\provide a reflectance spectrum having 
1-^ a peak. 



39. A device exhibiting lYnear dispersion of adjustable 
magnitude, the device including first and second lengths of 

20 optical fibre provided respectively with first and second 
chirped Bragg reflection gratings, and being arranged to 
define an optical transmission path that includes reflection 
in both gratings, wherein each or\ the first and second 
lengths of fibre is mechanically croupled to a respective 

25 strain applicator, the strain applicators being controllable 
to adjust the reflectance spectra of \the gratings, the 
device further comprising a controlleA arranged to control 
the strain applicators such that the reflectance spectra 
overlap and to dither the strains appliecK to the gratings in 

30 phase with each other to dither the position of the overlap. 
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40. A devdce in accordance with claim 39, wherein the 
controller \s further arranged to dither said strains in 
anti-phase t^ dither the amount of overlap - 



41- A device exhibiting linear dispersion of adjustable 
magnitude, the device including first and second lengths of 
optical fibre provided respectively with first and second 
chirped Bragg reflec^on gratings, and being arranged to 
define an optical tranWission path that includes reflection 



in both gratings, where^:m each of the first and second 
lengths of fibre is meclieNiically coupled to a respective 
strain applicator, the st^in applicators being controllable 
to adjust the reflectance spiectra of the gratings, the 
device further comprising a controller arranged to control 
the strain applicators such "^^^^^^ reflectance spectra 

overlap and to dither the strains applied to the gratings in 
anti-phase to dither the amount ^ qverlap. 



42. A device in accordance with craim 39 wherein said 
gratings are adapted to provide reflectance spectra each 
having a central peak. 

43. A device in accordance with claim 4'&. wherein said 
gratings are adapted to provide reflectanc*^ spectra each 
having a central peak. 



44. A method of generating a dispersion signalV indicative 
of the dispersion exhibited by an optical path along which 
an optical signal has been transmitted, the opticasl signal 
having been generated by a method comprising the modulation 
of an optical carrier with an RF data signal having 
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frequency components across an RF data spectrum such that 
data is carried by the optical signal in upper and lower 
sideoands on either side of an optical carrier frequency, 
the method comprising the steps of: 
receiving the optical signal; 

deriiving an RF signal having a narrow bandwidth within 
the RF data spectrum from corresponding optical frequencies 
in the upfter and lower sidebands of the received optical 
signal; 

detectiVg the power of the derived RF signal; 
using th^ detected power as, or to generate, the 
dispersion signal . 

45. A method in ^accordance with claim 44 comprising the 
steps of : \ 

deriving a plurvality of said RF signals, each having a 
respective narrow bandwidth within the RF data spectrum, 
from respective corresponding optical frequencies in the 
upper and lower sidebands of the received optical signal; 

detecting a respectiVe power of each derived RF signal; 
and \ 

using the detected powWs to generate the dispersion 
signal. \ 

46. A method in accordance witr^ claim 45, wherein said step 
of deriving a plurality of said RF signals comprises 
deriving first, second, and third ^F signals having 
bandwidths centred on relative frequencies f, V2 f, and 2f 
respectively. \ 
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47. A method in accordance with claim 44 further comprising 
the step V)f optically filtering the received optical signal, 
before de:^ving the RF signal, to remove optical frequencies 
outside theVipper and lower sidebands. 

48. A method in accordance with claim 47, wherein the 
optical signal kas been generated by a method comprising the 
modulation of the optical carrier with a clock signal, and 
the step of optically filtering comprises the removal of 
optical f requencies\arising from said modulation with the 
clock signal. 

49- A method in accordance with claim 44, further 
comprising the step of: 

tapping off a portiorivof the received signal, and 
wherein the RF signal is deVived from the tapped portion. 

50- A method in accordance with claim 44, wherein the step 
of deriving the RF signal comprises: 

supplying at least a portiOfi of the received optical 

signal to a photodiode, and 

filtering a signal generated ^y the photodiode with a 
narrowband RF filter. 

51- A method of compensating for dis^rsion exhibited by an 
optical path along which an optical signal has been 
transmitted, the optical signal having lyeen generated by a 
method comprising the modulation of an ofytical carrier with 
an RF data signal having frequency components across an RF 
spectrum, such that data is carried by the Optical signal in 
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upper andXlower sidebands on either side of an optical 

carrier frequency, the method comprising the steps of: 

generating a dispersion signal in accordance with the 

method of claim 44; 

supplying^ at least a portion of the received optical 

signal to a devd.ce exhibiting adjustable dispersions- 
using said \dispersion signal to control the adjustable 

dispersion device^ to exhibit dispersion which at least 

partially compensates for the dispersion exhibited by said 

optical path. 



15 



52. A method in accordance with claim 51, wherein the step 
of generating the dispersion signal comprises: 

tapping off a portion of the received signal before it 
is supplied to the adjustable dispersion device, and the RF 
signal is derived from the tapped portion. 



20 
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53. A method in accordance with claim 51, wherein the 
received signal is first supplied to the adjustable 
dispersion device and emerges from said device exhibiting 
the combined effects of the ^dispersion exhibited by the 



optical path and the device, \and the step of generating the 
dispersion signal comprises: 

tapping off a portion of vOne 
from the adjustable dispersion d,evi 
signal from the tapped portion. 



received signal emerging 
ice, and deriving the RF 



30 



54. A method in accordance with claim 53, further 
comprising the step of dithering the dispersion exhibited by 
the adjustable dispersion device. 



10 
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55 .y A method in accordance with claim 54, comprising the 
stepV of using the dispersion signal in a feedback 
arrangement to control the adjustable dispersion device to 
compensate for changes in the dispersion exhibited by said 
opt ical\ path. 

56. A mechod in accordance with claim 55, comprising the 
step of using a lock-in amplifier to detect the magnitude of 
a change iA detected RF power at the dither frequency. 

"1*^] 57. Apparatus for generating a dispersion signal indicative 

rU of the dispersVlon exhibited by an optical path along which 

Q an optical signal has been transmitted, the optical signal 

having been generated by a method comprising the modulation 
y 15 of an optical caXrier with an RF data signal having 
^ frequency components across an RF data spectrum, such that 

data is carried by t^e optical signal in upper and lower 
sidebands on either :^de of an optical carrier frequency, 
the apparatus comprising: 
20 a photodetector arranged to detect at least a portion 

of the received optical ^^ignal and output a corresponding 
electrical signal; 

at least one narrowbar^ RF filter arranged to filter 
the electrical signal from the photodetector, the or each 
25 filter having a passband witnSin said RF data spectrum; 

at least one RF detector ,\ the or each detector being 
arranged to detect the f ilteredXsignal from the or a 
respective one of said filters an^ to produce a 
corresponding power signal indicative of the power of the 
30 detected filtered signal, 
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58. Apparatus in accordance with claim 57, wherein the 
photodetector is a photodiode. 

59. Apparatus in accordance with claim 57, comprising three 
said RF fiJSters having passbands centred on relative 
frequencies V, V2 f , and 2f respectively. 



60. Apparatus \in accordance with claim 57, further 
comprising an optical filter arranged to filter the received 
10 optical signal before detection by the photodiode to remove 
optical frequenciesX outside the upper and lower sidebands. 



61. An adjustable dispersion compensator comprising: 
a module exhibiting adjustable dispersion and arranged 

15 to receive an optical data signal of the type defined in 
claim 57; 

dispersion signal generating apparatus in accordance 
with claim 57, and 

a controller arranged toXcontrol said module according 
20 to the power signal or signalsXto adjust the dispersion 

exhibited by the module to compensate at lest partially for 
the dispersion of the optical pat^to the compensator. 

62. An adjustable dispersion compensator in accordance with 
25 claim 61 comprising a tap arranged before the adjustable 

dispersion module to tap off a portion of the optical signal 
received by the compensator, and wherein the photodetector 
is arranged to detect the tapped portion. 



30 63. An adjustable dispersion compensator in accordance with 
claim 61 comprising a tap arranged to tapVoff a portion of 



9 
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t^e received optical signal emerging from the adjustable 
dispersion module, and wherein the photodetector is arranged 
to detect the tapped portion. 

5 64- An sidjustable dispersion compensator in accordance with 
claim 63 wherein the controller is arranged, to dither the 
dispersion exhibited by the adjustable dispersion module. 

65. An adjiostable dispersion compensator in accordance with 
10 claim 64, comprising a feedback loop to track changes in the 
dispersion of theNsptical path to the compensator. 

66V A device exhibiting adjustable reflectance 
characteristics to optical signals, the device comprising: 

a length of optical fibre adapted to receive an optical 
signaSL, the length of fibre comprising a Bragg reflection 
gratinV arranged to provide a reflectance spectrum to said 
opticalXsignals ; 

a sDorain applicator mechanically coupled to the length 
20 of fibre tb apply adjustable longitudinal strain to the 
Bragg refleiction grating to adjust said reflectance 
spectrum; anc 

a controMer arranged to control the strain applicator 
to dither the/'^plied strain. 

25 

67. A device in Accordance with claim 66, the device being: 
an adjustable filter; an adjustable dispersion device; or an 
adjustable dispersion compensator. 

30 68. A method of provrding adjustable reflectance to an 
optical signal, the metmod comprising the steps of: 
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.ntroducing the signal to a length of optical fibre 
compriNBing. a Bragg reflection grating arranged to provide a 
reflectance spectrum to the signal; 

app\ying longitudinal strain of adjustable magnitude to 
5 the Bragg \ref lection grating to adjust said reflectance 
spectrum; arid 

ditheriSjg the strain applied to the Bragg reflection 
grating so as\to dither the reflectance spectrum. 

10 69- A method o^adjustably filtering an optical signal, 
comprising the meVhod of claim 68 . 

70- A method of prow^iding adjustable dispersion to an 
optical signal;, comprising the method of claim 68^ and 
15 wherein the grating is\ chirped. 



20 



